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PROCEDE ET DISPOSITIF POUR TUBER UN PUITS. NOTAMMENT 
UN PUITS DE FORAGE PETROLIER. OU UNE CANALISATION. 
AU MOYEN D'UNE PREFORME TUBULAIRE SOUPLE, 
DURCISSABLE IN SITU 

La pr&entc invention conccme un proc£d< pour tuber un puits. notamment 
ua puits de forage p^uolier. ou une canalisaiion. telle qu'un gazoduc ou un olfoduc par 
excmplc. au moycn d'une pr^forme tubulaine souple. durcissable iajifli. par exemple 
thennodurcissable. 

L'invenUon conceme tfgalement un dtspositif pennettant de meitre en 
oeuvreceprocidd. 

Dans la pnSsente descripiion. ec dans les revcndications. on entendra par Ic 
tenne "tuber" I 'action de consolider un puits. ou une canalisation, notamment en vue de la 
rtparcr. en en revitanl la paroi d 'un tube rigide. encore appel^ tubage ou chemisage. 

Par le terme -prdforme" on entendra une structure tubulaire qui est 
miualement souple et d<Jformable et qui. une fois pla«!e dans la zone du puiu i consoli- 
der. est mise en forme cylindrique. appliqude conlre la paroi du puits ou de la canalisa- 
non. puis durcie pour se Her inUmement et a demeure it cetle paroi. constituant ainsi le 
tubage ou chemisage. 

puits forage p^trolicr. ainsi que pour dcsapplica- 
uons stmilaires. il a ddji tfid proposd des pr^fom.es tubulaiies souples ct durcissables 
destinies i €tre mises en place h I'tftat replitf longitudinalemeni - (m dans lequci ellcs 
possedcnt un encombrement radial faiWe - puis i itrt d<pl(<es radialement. par applica- 
..on d'un gonnagc hydraulique interne. Selon ceiie technique, qui est notamment decritc 
dans les documents FR.A-2 662 207 et FR-A.2 668 241. la pr^forme posside aprfcs 
dipLemem (ou ddploiement) radial, une forme strictement olindrique. de diamcue bien 
d^lemtind 

Un autre type de pr^formc connu. qui fait notamment Pobjei de la 
demande de brevet Internationale W0.94/2S655. au nom de la demanderesse. possfcde 
une structure tubulaire qui comprend un tressagc de m&ches souples. compos<es do 
fibres, qu. s'entrccroisent avec un cenain jeu. de sorte que la structure pcui s'expanscr 
radiatanent tout en se resireignani en direction axiale sous I'effet de Tapplication d'unc 
surpression h I 'int^rieur de la pr^fonne. 

Ainsi. I -expanaon de la pitffonne peut se faire en deux Stapes success! ves 
d abord par dipliement, puis par expansion radiate ; on obuent ainsi un degre d'ex- 
P4ns.on ncuement supdrieur i ceux obtenus avec les pr<Jformes souples memionnees plu. - 
haut. ce qui perme. d introduirc la pr^fonne dans le puits 4 tuber, et Kamcner en la zone 
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souhaitee. en la Taisant traverser des ouvertures de faible dimension, par exemple des 
conduits rigides d^j^ en place dans le puits. a>'ant un plus petit diamfetre int^eur. 

Ceite technique connue est trfes intiressante. dans la noesure ou elle permet 
de toucher des perrorations apparaissant dans un puiis de production* sans qu*il Taille 
5 retirerletubaged<j2i en place, et par cons^uent sans ^tuerlepuits**. 

II est apparu ndanmoins des difncult^s pour mettre en oeuvre cette 
technique lorsque le puits est Tonement d^vie, c*est-A-dire possMe un axe formant un 
angle ^Iev6 par rapport h la verticals voire est honzontal. 

En effet, lorsque le puits est vertical, ou sensiblement vertical. la pr^formc 
10 est naturellementitculigne (sous TefTetde la gravity et die descend r^guliirementd^ 

puits au cours de sa mise en place. Toutefois, elle risque d'etre endommagfe par suite des 
Trottements contre les parois du puits ou les dirr^rentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est d^vi^, ou prisente des coudes. la prdforme sc 
15 ddformc en raison de sa souplesse, et sc positionne incorrectement dans Taxe du puits, ce 
qui provoque des frottements» voire des risques de blocage au cours de son cnfoncemcnL 

La mise en place de la pir^forme dans un puits fortement devie ou 
horizontal est done ddlicate» et meme impossible dans certaines configurations. 

L*invention vise h rdsoudre ce probl^me, en proposani un procdd^ de 
20 tubagc d'un puits ou d une canalisation au moyen d*une pr^forme tubulairc soupic, 
durdssable in situ, qui puisse ^galement s'appliquer sans probi&mes k des puits ou des 
canalisations non verticaux ou ayant une surface tnt6rieure risquant d'endommagcr la 
pr^rorme. 

Comme dans les procddes connus, on introduit la pr^fonne dans le puits 
25 ou la canalisation k I 'ciai longiiudinalement repli6, puis - lorsqu*elle y a €ii correctement 
positionnae - on la d^plie par gonflagc hydraulique pour lui donner une forme sensible- 
ment c>'iindrique. on Tapplique contre la paroi du puits ou de la canalisation, ei on 
provoque le durcissement de sa paroi. 

Le proc^dd qui fait Tobjet de Tinvention est remarquable par le fait 
30 qu*avant d*introduire la prdforme dans le puits ou la canalisation, on Tinsire (provisoire* 
meni) dans un fourreau amoviUe, qui est rigidc ou semi-rigide en direction longitudinalc. 
mais est d^formable radialement, et qu*on met en place dans le puits ou la canalisation la 
prdforme contenue dans son fourreau, ce dernier iuml ensuiie - en cours d 'operation - 
separ^ de la prdforme puis - en fm d*op6ration retird du puits ou de la canalisation. 
35 La pr^forme se trouve done prisonniftre du fourreau, et soutenue par lui, 

durant touic la phase de sa dcsccntc dans le puits ou la canalisation. Ainsi cctie descente 
sc fail sans difficult^, meme si Ic puits ou la canalisation est fonement divii, voire 
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honzontal. ou p^scntc u„c surface de paroi risquantd'abfmcr laprdfonne. De prtf€,^«« 
le fourrcau pnEscnte une certaine flexibility, qui autorisc des paxcours courbcs ou coudr 
Dans un mode prdfercntici du proc&l<5. on insure la prdfonne partidlcmcnt 

Dans ce cas. dans un premier lemps on d^plie fadialemeni uniqucmcnl la 
po.o„depr.ronnequid.passcdufo«neau.«on,.app,iquecont«^^ 
dela ca„al.sa..o„ pour obienir une zone d'ancrage. aprt, quoi on exualt Ic fouLu par 
traction vers raniire (c'est-i^re vers lasoniedu puits). 
'° , s'appJique particulifcrement bien & une priforme qui aoris 

D.» « cas. la dftolidansMion de I. prtfo™. p., rappon „, f«^„ 

15 »™cn„. .to ,e fc«,«,u. aprt, ..op,™, 

le.xp<iiis.oi.»dialedeaittmta»poBion. "".au louireatl « 

finvenlion mxmc <jalem«nl un disposiuf pour lube, «„ py|„ 
no.a.™«„ „„ pui« * ,0,,^ p«^i„, « ^ 

«bu a.„ <^,„, „ J_ prtf<I Z 

l<»i|lt«)iiialaMii.eiii»tol*pli«seiKib).n«n,eylliKtjq«. 

1. n»de M„„,„,.e sous p,.s.l„„ ««ss.i,. i s„„ d<pli™..,. «. cas 

|W^=.gi,»d,.a,..™a.s«d.ro™ab,.,adia,e„»„.d.^^ 
prtfomelorsquecelle-ciscirouvcir^tatdiJplid. 

ftir ailleurs. selon un certain nombre dc camcuSristiques additionnelles 
avantageuses. non limilaUves dc I'invemion : . aoaaionnelles 

nr^crnr™ ■ 'P'*' * ^'o-vrir pour iib<5rcr la 
prcfomje au cours de son d<<plienient ; 
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- la prdfonne est solidaire d*un manchon tnt^rieur arrachable, radialement 
expansible par gonflage hydrauliquc, t Tint^rieurduquel est introduit le liquide hvxlrauli* 
que foumi par Pouiillage de pose ei dc conir6le el servani i d^plicr la preformc. ce 
manchon ^tant ddgonfld et sipari de la prf rorme, en fin d*op^ration, puis reiirt du puits 

5 ou de la canalisation en meme temps que TouUllage el le fourreau ; 

■ la pr^forme est thennodurctssable et; son chaurfage est rdalis^ par effet 
Joule, par l*tnterm61iaire d*un c&Ue ^iectrique dffonnable, ce dernier dtant stocks sous 
un raible encombrement dans une doutlle qui esc tnterposde entre rextrifmtttf de la tige de 
commande et Poutillage et est solidaire dudit Touneau amovtble ; 

JO - a c&ble a une longueur sensiblemenl 6gale k cclle de la prtfonne misc en 

place ; 

- la pr^forme est ddpliaUe et radialement extensible ; 

- la pr^forme comprend un tressage de mfeches souples s*entrecroisant 
avec un certain jeu, dc telle sone qu'dle peut s'expanser radialement tout en se restrei- 

15 gnani en direction axiale, le matdriau consiittitif de la prf fomie €iani une r^sinc pol ymerisa- 
ble k chaud. dans laquelle est noy^ ledit tressage ; 

- le manchon int^heur arrachable, radialement expansible, comprend 
^galemeni (commc la pr^forme) un tressage de miches souples entrecrois^es aptes k 
s'expanser radialement tout en se restreignant en direciion axi&Ie, el qui sonl emprison- 

20 nees enire des peaux intiricure et cxldrieure souples, certaincs desdites mtehes tont 
remplacies par des Tils conducicurs d*i$lccinciu$, aples k chauffer la pr^forme par effei 
Joule, qui sont connecids deciriquement audit caWe. 

D*auires caracldrisliques et avantages de Tinvention apparattront de la 
description el des dessins annexes qui en repr&entenl un mode de realisation prefcrentiel. 
-5 Sur les figures : 

* la figure 1 est une vue g^n^rale sch^matique d'une installation dc lubage 
mettanl en oeuvre le proc&l^ de Tinvention ; 

- la figure 2 est une vue g^ntole, parlidlement coupdc. dc 1 •cquipemeni dc 
pose dc la prdforme ; 

^0 - la figure 3 repr^sente un tressage de miches souples enirccroisees, 

constitutives de la stnicture de la prdforme et du manchon qui sen k Texpansion de la 
prdforme ; 

- la figure 4 est une coupe transversale schdmatique du manchon et dc la 
preforme^rdtatlongitudinalememrepli^ : 

35 - la figure 4A est une vue analogue k la figure 4. rcpr^scniani I ensemble a 

r^iatdcplic; 
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- la figure 4B est une vue analogue au.x figures 4 et 4A. represcniani 
l'enseinblear^ta.d<pli6etradiaJeinentexpans< : «Prescnianl 

- la figure 5 est une vue schtfmatique. en coupe longitudinale dc 
I ensemWcconstiiu^parlaprdfonneeisonmanchoninuirieuramchable : 

5 - la figure 6 est un dAail k plus grande fchelle de la zone de la paroi de la 

prtfonne et du manchon qui est TeOnncie VI h la figure 5 ; 

«™ . . , ; ^' " schdmauques 

s.n„la.res i la figure 2. destinies 4 illustrer les dlff^rentes topes successives de la mise 

en place d un tubage dans un puits de fomge p^tmlier confonn<n,em 4 1'invention 4 
10 raidederinstallaUonde la figure 1: >«nxeniion.4 

- Its figures 1 1 et 1 1 A sont des coupes tmnsversales correspondani 
respecuvonemauplandecoupe Xlde lafigureTet XIA de lafig^^ 
desun<5es k .llustrer la fafon don, ,a prtfom,e se d^solidarise de son founeau lor^u elle 
passeder<tatrep!ii4r<taic>'lindrique. 

, . '"""«"^*^^'°"*''^'?"^P^'«^«'*nceP la paroi d-u„p„itedefon.ge 
P«5^ol.er. dont une zone C doit «.re tub<Jc ; la paroi C est par exemple une canalisation 
peiforic. Pbur y accdder il faut passer dans une restriction R. 

L'installation de cubage. g<n«ralement disignde par la rtff^rence I 

-0 ubuia.«. 13 comportant un cSble ^lectrique int^rieur. un manchonde guidage 1 1 de cettc 
ugc - couramnient appeltf "sas" . ct un dispos.tif 10 servant 4 pousser la tige 13 dans le 
SOS 1 let dans le puits P. g^i^oansie 

^*«•'^»^'"*♦^«»>redelaUgedecommandel3estpour^ued•unequlpcment 
de pose de la pr^forme. rdf^renc. 2. Cet 6quipement est consti.u6 esse„t.ellemen. d une 

.5 *>"'"cc>mdnque4fix6e4rextr.n,it.libredelatigel3.d-unfourreaurigidir.cate^^ 
cc«x.a.4ladoui.le4etso..da..decettcden>i.rc.^ 

loii dans le founeau. et accol^ 4 la douille 4. et d'une prdforme souple 8 desunde 4 «tre 
mise en place dans le puits pour le consolider. 

30 ouvii. . ^P^^""*^*«P°«*'»^""'"a~honexpanseurintirieurariachable9 
30 qu «»<^"toure.commecetoestd<j4«»„uparle WO-94/25655*lj4dt^et.commecela 

sera decnt plus loin en reference notamment aux figures 5 et 6. L'ensemWe prtfonne 8 / 

manchon inidneur 9. initialement coherent, est rdf^rencf 7. 

L-ensemble 7 est enserrtS dans le fourreau 6. el retenu par friction a 

I "'"^et.rdeceluiKn.Ctttefrictionmaintient6galeme„troutillage3appliqu^ parsaface 
35 amfere. centre ladouille 4. q«.parsaiace 

Ko K ^""'*'"''''='^«"°''"'r«*«s««remit6spardesbouchons9^ U 

bouchon 92 toun,. vers I -arxiire. c'es.-i-dire vers la sortie du puits. est tn.vcrse par un 
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conduit 30 qui le relie ^ Toutillage 3. Ce demier comprend des moyens apies k refouler h 
rintdrieur du manchon, via Ic conduit 30, un nuidc sous-prcssion foumi au disposuif 
depuis la surface. c'csi-2i-dirc dcpuis ]a latc dc puils 12 au moycn dc la ligc dc commandc 
tubulairc 13, ou par pompage du liquide du puits grdce 4 un disposilif dc pompagc 
contenu dans Poutillage 3. 

Par ailleuis, rinscallation comprend un cftUe diectrique S. qui passe dans 
la Uge lubulaire 13, ei est connect^ dlectnquement h I 'outillage 3. par rintcrmddiairc d'un 
cSble soupic 50. Cc dernier est enroul^ ou repli< sur lui-meme. pour presenter un faiblc 
cncombrcmcnt. et il est Iog< dans une cavit< fomiant rteptacle pr^xiie dans la douillc 4. 

Les cables 5 et 50 servent k alimenier en 6lccuicii6, via rouiillage 3. 
Pensemble pr^rorme - manchon expanseur intdrieur. afin d'y gdn^rer par effel Joule la 
chaleur ndcessaire au durdssetnent de la paroi de la prf forme, comme ccia sera e\pliqu6 
plus loin, ainsi qu'^ foumir I'dnergie de pompage de rouiillage 3 et d'alimenter lous les 
syst^mes de contrMe n^cessaires 6quipant cet outiilage. 

Bicn entendu, le courani ^Icctrique est foumi depuis la surface, a panir 
d'un gendrateur situ^ k Texl^rieur du puils, rcli^ au c^ble 5 aprds sa sonic du disposilif 
10. 

Comme on Ic voil sur la figure 2, PensemUc 7 consiiiurf par le manchon 9 
el la pr^forme 8 n'cst pas compl6iemcni ins^rtf k Tint^rieur du fcrurteau 6. 

On a d&ignd par la reference 71 la portion de eel ensemble qui se trouve k 
rint^rieur du fourreau. et par la r^fdrence 70 la portion dcpassanie. exi^rieure au 
fourreau. 

La partie extdrieure a unc longueur Lo scnsiblement plus peiiie que la 
longueur L| dc la parUe int^rieurc 71. A cet <gard. il convient de remarqucr que cciic 
25 panic 7 1 a M raccourde anindellement sur le dessin (flgure 2), pour ne pas en affecicr la 
lisibtlitc. 

A litre indicauf. la longueur Lo est de Tordre dc Im, la longueur Li dc 
Tordre de 10 k 30m, el la longueur Lj. qui coirespond au rcsie dc r^quipcmcni (douillc 
4 et ouUllage 3), de Tordre de 4m. 
^0 Comme on le voil sur la figure 11, le fourreau 6 est unc envcloppc 

tubulairc cylindriquc fenduc, c'esi-i-dirc incomplfetement fermfe. Cclte envcloppc, 
realisdc par exemple en m^ial ou en maiiirc plasiiquc, possMc une ccriainc rigiditc 
longitudinaic, mais est faciiemcnl d^formable radialcmcni dans Ic sens dc son ouv enure, 
comme on le comprend ais^ment k la simple comparaison des figures 1 1 et 1 1 A. 

Dans une varianie, on pourrait relier les bonds en regard de la feme de 
renvcloppe par des attaches pouvant se rompre facilement au-dcia d'un certain seuil de 
prcssion interne. 
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De prtftrence. I enveloppe est relati vement nexiUe ce qui lui pennet tout 
en ngidifiani convenablemcnt renscmble 7 en direction axiale. de sui vre des tnij«ti)ire$ 
non reailignes (coudes et courbes). par dtformaUon lat£rale. 

Dans I'cxemple iliustr^ aux figures 3 i 6, la prifonne 8 et Ic manchon 
•ntrfneur 9 possideni tous deux une structure similaiie. compos^e d'un ircssage de fibres 
soaples enlrecroisfe tel que ceiui dtfciit dans le document WO.SW25655 prtotd. 

Au besoin on pourra se reponer A cette publication, dont on considdrera 
qu elle fait partie de la pr^te description pour I'interprttation de I'ArticIe L.6I2-5 ler 
alinda. du Code de la Propri^tf Iniellectuelle. 

On rappelem. en rdfdrence k la figure 3. que les miches souplcs sont 
r6part.es en deux sdries 700a et 700b entrelac^es. formant une structure tubulaire 
dnortnable. 

La siructuie peut 6tre replide longitudinalement. puis - sous Peffct d'une 
presston interne - etre "mise au rond". c'est-A-dirc confonnde en cylimlre par dipliement. 

Si elle est ensuite soumise k une pression interne plus 6]ev6c. on obsen e 
un ddplacemen, r^latif des deux s^cs dc miches. ce qui entralne s.multandment une 
expansion radiale et un raocouicissement longitudinal de la struaure. 

Les mtebes souples sont fornite de fibres a>-ant une bonne r&istance 
mccaniquc i la traction, par cxemple de fibres de carbone ou de vcife. et jouent le rdle 
d armature d<5formable pour la prtfomie et/ou pour le manchon exponseur de la prtfomte. 

Les figures 4. 4A et 4B repr&entent lespecUvement I'enscmble 7 k I'Aai 
replK longitudinalement. pour presenter une dimension transversalc faible ce memo 
ensemble . rdf<«renc< T - mis au n>nd. de diamfetre D,. et enfm ce meme ensemble 
- TiKTtnce T - a r^tat radialemeni expanse, de diamfctre Dj sensiblement sup<5rieur a D, 
Le diamfttre et Texpansibiliid ladiale de la prdforme sont choisis pour que 
Di coiresponde au diamitre de la zone k tuber. 

Comme le montrent les figures 5 et 6. la prdforme tubulaire soupic 8 
possMe une paroi 82. en matiire initialement fluide. dans laquelle son. nov^es des 
structures tubulaires concentriques tress6es 700. U matiftre fluide est une resinc 
synthdtique. Ihennodurcissable par polymerisation a chaud. U prtforme est pour^•uc 
d une pcau extirieurc 80 pr&entant une face exteme munie de depressions 801 ei de 
rel,cfs802 qui favorisent son ancrage contre la paroi du puits et amfliorent r<tanch6ite. 

Le manchon intdrieur arrachable 9. qui est appeie "matrice" dans le WO- 
94/25655 ddji dt6. possMc une peau intdrieurc 91 et une peau exttSrieure 90. toutes deux 
en matenau souple et 6lastique. entre lesquels se tiouvent la structure defonnable trcss^e 
700. L interface entrc la peau exteme du manchon et la paroi interieure 91 de la preformc 
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8 e$t traits, par exemplc par enduction de silicone, pour qu*il y ait peu d*adh6rence entrc 
ces deux parties. 

La pr^forme 8 entouit intimement le manchon int^neur 9qui. comme d6j^ 
dit, est obtur^ t ses deux extr^mites. de mani^re Blanche, par des bouchons 92. Le 
5 manchon 9 est fix^ A la pr^rorme 8 au moyen de manchettes d*excr6mii< 93, qui 
possident des zones affaiblies 94. susceptibles de se rompre facilement L'introduction 
d*un Huide hydraultque & I 'int^rieur du manchon, en vue de son gonflage ei • corr^iaiive- 
ment du gonflage de la prdrorme - se fait, comme d€j^ dit, par une tubuiurc 30 qui 
ddbouche dans le manchm et une ou plusieurs ouvertures 300 de passage du Huide. 
10 L*outiUage 3 comporte ime ou plusieurs vannes appropri6es» pouvant £ue 

command^ depuis la surface, pennettant d^effectuer le gonflage et le d^gonflage du 
manchon, en contr6lant la pression durant Topdration, ou un dtsposiur de pompage 
r6alisant la mtmc fraction au moyen du liquide du puiis. 

Certaincs des miches 700 du manchon sont remplacdes par des conduc- 
IS teurs ^lecuiques (fils chaufTants) relics dectriquement au c§ble SO. Ainsi, le chaurrage du 
manchon int^rieur et, com^lativemeni, de la prdfonne p>eut eire commande aussi depuis la 
surface, par alimentation ^lectrique des cables 5 et SO. 

Nous allons maintenant ddcrire une operation de mise en place de la 
prdrorme 8 dans une zone C du puits. 
20 L*enscmble 7 form^ par la pr^rorme et le manchon se trouN C 2k 1 '6tat repli^ 

longitudtnalcment, tel que celui repr^scnt^ aux figures 4 et 11. Dans cet 6tat, il s'inscht 
dans un cylindre de dtam^tre Do correspondant senstblement au diam^tre intdrieur de 
Tcnveloppe fendue 6 (voir figure 1 1). 

Ce diamfctre Do est plus petit que le diam^tre des diTfirents conduits ou 
2S autrcs restrictions R situ^s dans le putts, en arridre de la zone ^ tuber. 

Comme d6}k dit. seule une panic dc longueur r^duite. en ) 'occurrence la 
panic 70, dc 1 'ensemble 7 d6passe du fourreau 6. Par consequent, la pr^forme est 
soutenuc sur la plus grande panic de sa longueur et posside (avec son Tourreau) une 
rigiditc suffisante pour autoriser sa progression rdguli&re 5 Tinterieur du puits, meme si 
30 cclui-ci est touilement ou en partie d6v\6. 

La tete de pose 2. et la prtfforme, vont done iirt poussees par la lige de 
commande 13 dans le puils» et s'y enfoncer progressivement, comme cela est symbolist 
par la fl^che F aux Hgures 7 el 8. La ligc crease 13. de pr^fdrencc en acier. poss^de une 
bonne rigidite axialc, qui lui permei de pousser sans probl^me la teic 2 dans le puits. 
3S Neanmoins elle est suffisamment flexible pour suivre les coudes ou autres courbures du 
puits. 
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a-direparlaprefonnepolyin<ris«e. gc.cesi 

5 „H ^^*^*'''"'^"**'''^'«'*2da,«lepujte.lo«quelapanied<passantc70 
5 -vejus.aa-del.desouvertures0.^i.o„«,uicor,.spo„d.cc..e1^^^ 

Des moycns de contrOle approprife, connus en soi. som prdvus oni 
10 „„, '^^ hydraulique interne. la partie d^passante 70. et cette pariie 

diamitre D2. qui correspond audiamitreiniirietirdupuiis. 

Diffdrents moyens peuvent eire privus pour que le d<p|,emcnt et 
1 ^-^P-nsionnriiaJcsefasseniprioriuu^mentsurlaportionm 

Ainsi. par exemple. il est possible d'entourer la parUe 71 par des liens 
15 a„„u..res dont ,a r^isuncc ™.ca„iq„. „. ,„,fi^,, ^„ ^^^^^ .e d.^ d^ 

pK)voquerJadiformauondelaporuonIibre70. 

av,„. H r °" ""^ *^ P°™°" ^0 ^o'"^ 'a Paroi du pu.ts en 

avant des perforations O (voir Hguie 9). • 

.nnuiv ^'^"^•"^"'^•ion de la pression de gonflage provoquc la rupture des liens 

figure r P'*"^ •'^-^^^ ^oir 

*'«P''«"'*n«. Je fourrcau rendu 6 s ouvre ct orend unc 
-5 <=onf.gu,aUonenfom,eg6,<ndedeU.,«-^„«5e6'iklar.gure IIA. 

n reste solidaire. par son extnf miuf aitiire. de la douille 4 

glissersurlanrJ^Z""' exuactible. e. peu. 

30 so. ^ accompagne d une mise sous iraction de la partie do cfibic 

tu Jrr*. f"" ^"^'^^ correspondre , ,a longueur du 

tubage. U retnut se fait facilement. car la prtforme est ancr^e dans le puits 

3^ pr^forme on " ^' ' <=°"'P'*t»"'ent retird de la 

r^Zic w^^^^ '^"^ '"-P-ion radiale 
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Toute la prffonnc vieni alors s'appltquer intimement conire la paioi du 
puits C. en recouvrant les perforations O. 

De manifere connue« loui cn maintenani le manchon sous gonRage 
hydrauliquc, on provoque alors la polymdrisalion par cffcl Joule dc la rdsinc constituani 
S la pr^ronne, par alimenution 61ectrique des His chauffants pr6vus dans le manchon. 

A Tissue de la polymerisation, on d^gonfle le manchon 9, qui se separe de 
la prdfonne durcie - deveoue tubage 8* - par nipture des manchettes 93 (riguie 14). 

On effeccue ensuite une nouvelle traction G * sur la tige 13, laqudle est 
toujourssolidairede la douiIle4etdu Tourreau ouvert6* ainsi que, parrinterm^liatredu 
10 cable tendu 50, sur I *outillage 3 et le manchon ddgonfl^ 9 (voir figure 15). 

L*ensemble peul €tre ainsi retir6 du putts. 

DilTdrentes Tonnes de fourreaux rigidincateurs amovibles pourraient 
pr^vues ; ce fourreau doit €irc d*une bonne rigidity longitudinale tout en possUant la 
souplesse n^cessaire k son passage dans un sas non rectitigne. II doit s*ouvnr facilement 
15 pour libircr la pr^fonne et son 6paisseur doit ttrc faible pour limiicr son cncombrcment 
radial. 

Par ailleurs il doit pouvoir se refcmer lors dc son passage k iravers les 
restricuons R cn vue de son enlevement, grftce & une fonme appropricc. par cxcmplc 
l^g^ement conique. 

^0 Le diam^tre et I *apti tudc il la dilatation radiale de la preforme tu corr^lati ve- 

mcnt, du fourreau seront choisis en fonciion des conditions r^Uement rcnconlrdes. et cn 
pariiculier du diamfetre dc ia zone dc puils k tuber. A tiire indicaiif, et non limiiaiif, la 
dimension diamdtrale Do de la pr€formc k T^tat repli^ pourra cire dc Tordre de 60 a 
100mm. son diamitre Di "mis au rond" sera de Pordre de 90 ^ 150mm, ei son diam^lre 

25 D2 ^ I *6tat expanse sera de I *ordre de 170 220mm. 

La technique qui fait I'objet de la pr^nte invention s*applique ax-antageu- 
sement h une pr^rorme soupic k la fois d^liable et radialemcni expansible ; on ne soniraii 
loutefois pas du cadre de rinvenlion en Tappliquant h des pr^formes simplcmcni 
d^pliables, mais non extcnsiblcs tcllcs que ccllcs ddcriies par exemple dans les documents 

30 FR.A-2 662 207 et FR-A-2 668 241 dejfi cit&. 

La pol>7n6risation dc la pr^fonne n'esi pas obligatoirement faite par effct 
Joule. Ellc pourrait iitt oblcnuc par d*autrcs moycns de chauffage, cn paniculier par 
iniroduciion d un liquide chaud dans la prdforme, cc liquide pouvant du rcste £tre Ic 
meme que celui qui sen h la gonfler. 

3^ La portion d*extremit6 iibrc dc la prdforme, desun^e k reiser son ancrage 

initial, pourrait avoir une ddrormabilite plus grande que le rcste de sa paroi. par exemple 
par adoption d une 6paisseur de paroi plus faible ou du choix d'unc matiire diffcrcntc. 
Ceci permcttrait dc sWfranchir des liens de contention dont il a ete fait 6tai plus haut. 
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REVENDICATIONS 



I . Proc<d6 pour tuber un puits. notammcnt un puils de forage pdtrolier, 
ou une canalisation, au moyen d'unc pr^fonne tubulaire souple. durcissable in situ , selon 
lequei on introduit la prdforme dans ie puits ou la canalisation k V6m longitudinalemcni 
repIK. puis - lorsqu*elIe y a 616 contctement positionnte . on la ddplie par gonHage 
hydraulique pour lui donner une forme sensibiement cylindrique. on Papplique contre la 
paiDi du puits ou de lacanalisaUon et on provoque le duretssement desapaioi. caiact^ris^ 
par le fait qu'aximt d'introduire la pr^forme (8) dans le puits ou la canalisation on 
rinscre dans un fourreau amovible (6). qui est rigide ou scmi-rigidc en direction 
longiludinale. mais est dtformaUe radialement. ct qu'on met en place dans le puits ou la 
canalisaUon la prdforme (8) contenue dans son founeau (6). ce dernier tftant ensuite 
srfpart de la prffonne (8) et leUnf du puits ou de lacanalisatioa 

2. Proc«< selon la revendicalion l.caract<ris<parlefailquelaprtfomie 
(8) est ins^r^e partiellcment dans le fourreau (6) de telle sone que son extnJmit^ libre 
ressone de celui-ci sur unc cenaine longueur (L©). 

3 . Proctfdd selon la revendicaUon 2. caracu»ris« par le fait que dans un 
premier temps on ddplie radialement uniquement la portion de pr^forme qui df passe du 
fourreau (6), et on 1 applique contre la paroi du puits ou de la canalisation, pour obtenir 
une zone d'ancragc. aprfes quoi on extrait le fourreau (6) par traction (G) vers rarrifere. 

4 . Proc^dd scion I'une des revendications 1 & 3. atnci6ns6 par le fait 
qu'on utilise unc pr^fomie (8) qui. apris dtfpliement radial, et mise en forme cylindrique. 
est expansible radialement par gonflage h>-draulique. 

5 . Proc^dd selon la revendication 4, caiact^risd par le fait que la dcsdidan- 
sanon dc la prtfforme (8) par rapport au founeau (6) s'opftre par suite du dtfpliement 
radial de la porUon dc la pr^forme conicnuc dans le founeau (6). aprts quoi s'opfcrent 
successivement 1 arrachemeni du fourreau (6) et I 'expansion radiale de ladite portion de 
prdforme. 

6 . Oispositif pour tuber un puits. nouimment un puits de forage p^tiolier 
ou une canalisation au moyen d'une prtfforme tubulaire souple. doni la paroi esi 
thcrmodurcissable insitu. cetie pitffonne ^tant ndialement ddformaUe sous I'effei d'unc 
prcssion hydraulique interne entre un <iat repli^ iongitudinalement et un «lat dtfpli^ 
sensibiement cylindrique. can.ci^ris<5 par le fait qu'il comporte un <quipement (2) de pose 
dc la prtffonne (8). monl6 k TextrdmiK! d une tige de commande tubulaire ( 13) destin<«e k 
aire intnxluite dans le putts (P) ou dans la canalisation depuis une t£te de puits (12). cct 
^quipement comprenant : 
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a) un outillage de pose ci dc contr6le (3) ponani la prdforme (8), apic ^ 
Fournir k celle-ci le Huide hydrauliquc sous pression n£cessaire k son ddplicmcni, ci 
I *cnergic thermique n&xssaire au durcissemeni de sa paroi ; 

b) un fourrcau amovible (6) soltdairc dc Tcxir^miid de la tigc (13). k 
5 r intdrieur duquel est cnserrte au moins partiellemcnt la prtforme (8), el qui est rigidc ou 

semt-rigtde en direction longUudinale. mais est d^formable radiatement de sortc qu'il pcut 
6tre retir6 de la prtfroime (8) lorsque celle-ci se tfouve k I '<tat d^li^. 

7 • Dtspositir seion la revendication 6, caract^ris^ par le fait que ledil 
fourrcau amovible (6) est un tube fendu, apte k s*ouvrir pour lib^rer la pr^rorme (8) au 
10 couisdesond^pliement 

8 . Dispositif scion Tunc dcs revendications 6 ou 7, caract^ris^ par le fait 
que la pr^forme (8) est solidaire d'un manchon intdrieur arrachablc. radialemeni 
expansible, (9), k rintdrieur duquei est introduit le liqutde hydraulique foumi par 
Toutillage de tubage (3) ct servant k d^plier ia prtforme (8). cc manchon (9) 6tant 
15 d^gonfl^ ci sdpar^ de la pr^forme (8) en fin d'op^ration. puis rciir6 du puits ou de la 
canalisation en memc temps que Toutillage (3) et le fourrcau (6). 

9 . Dispositif scion Tune des rcvendicaiions 6 ^1 8. caracidrise par Ic fait 
que la prf forme (8) est thermodurcissable, son chauffagc ^lani rdalis^ par cffet Joule par 
rinterm^diaire d'un caWc ^lectrique d^formabie (50), cc dernier torn stocks sous un 
20 faibic cncombremeni dans une douille (4) qui est interposes cnlic I *e\trtf mi t^ de la lige dc 
commande ( 13) ci I'outillagc (3) et est solidaire dudii fourrcau amovible (6). 

10. Dispositif scion la revendication 9, caract^ris^ par le fait que ledit 
cSblc (50) a une longueur scnsiblcment ^galc k celle de la pr^forme (8*) mise en place. 

.11. Dispositif scion la revendication 10. caractdrisd par le fait que ia 
25 prtfformc (8) est d^pltable et radialement extensi We. 

12, Dispositif selon la revendication 1 1, caract^ris^ par le fait que la 
prdforme (8) comprend un Ircssagc dc mfcches souples (700) s'cntrecroisani avcc un 
certain jeu, de telle sortc qu'ellc pcut s*cxpanscr radialement tout en sc rcstrcignani cn 
direction axialc. Ic matcriau conslitutif dc la pr^forme diant une r^sine (82) pol\-merisablc 
30 k chaud, dans laquelle est noy^ ledit tressage (700). 

13 i Dispositif selon les revendications 8 & 12 prises en combinaison. 
caracterise par le fait que ledit manchon (9) comprend dgalement un tressage de mdches 
souples enlrccrois^cs (700) apies k s'cxpanser radialement tout cn sc rcstrcignani cn 
direction axialc^ cl qui sont emprisonn6es entrc des peaux ini^ricurc (90) ci cxtericurc 
35 (91) souples. certaincs dcsdiles m^ches dtanl rcmplac6es par des fils conducicurs 
d MIcctricitd aptes k chauffer la pr^forme par effet Joule, qui sont connecids diccuiquemcnt 
audit cSbIc (50). 
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METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SiTU CURABLE FLEXIBLE TUBULAR PREFORM 

The present invention concerns a method for casing a well, particularly an oil well bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable in situ , for example by themiosetting. 

The invention also concerns a device that enables this method to be implemented. 
In the present description and In the claims, the term "casing" will be understood as being 
the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The temi "preform* is understood as being a tubular structure that is initially flexible and 
defomiable which, once placed in the area of the well to be strengthened, is made cylindrical in 
shape, applied against the wall of the well or pipe, then hardened so that it binds closely to and 
remains on said wall, thus comprising the lining or cured-rn-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
application of an internal hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR.A.2 668 241, the prefomi has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of prefomn. which is the subject of the internattonai patent application 
WO-94/25655. in the name of the applicant, has a tubular structure of braided flexible strands, 
composed of fibers, which are interiaced with a certain spacing so that the structure can be 
expanded radially while being restricted in the axial direction by the effect of the application of an 
overpressure inside the preform. 

Thus, the expansion of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is cleariy 
greater than those obtained with the above-mentioned flexible preforms, which allows the prefomi 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings » for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive in that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is, It has an axis fomning a sharp angle to the vertical, and can even be horizontal. 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 

The installation of a preform in a highly deviated or horizontal well is therefore awkward, 
and even impossible in certain configurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an in situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surface that could risk 
damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is inflated hydraulically to give it 
an appreciably cylindrical fonn. it is applied against the wall of the well or the pipe, and its wall is 
cured. 

The method according to the invention is notable In that, prior to inserting the preform into 
the well or pipe, it is inserted (temporarily) Into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformable, and the preform contained in its sleeve is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the preform, 
and at the end of the operation, being removed from the well or pipe. 

The prefomi is therefore enclosed in the sleeve during the entire phase of the descent 
into the well or pipe. Thus, this descent is done without difficulty, even If the well or pipe Is highly 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the prefomi. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that Its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of preform protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchoring area, after which 
the sleeve is extracted by drawing it back (that is, toward the well head). 

This method applies particulariy well to a preform which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the preform from the sleeve is performed advantageously 
after the radial unfolding of the portion of the preform contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil welt bore or a 
pipe, using a flexible tubular prefomn. the wall of which is thermosetting insitu. this prefomi being 
radially deformable under the effect of internal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the prefomi. mounted at the 
end of a tubular control shaft intended to be inserted into the well or the pipe from a wellhead, this 
20 equipment being composed of: 

a) an installation and control tool carrying the preform, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thermosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
defomr)able so that it can be withdrawn from the preform when the latter is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 



15 



25 



30 



wo 96/21083 PCT/FR95/01651 

4 

- the preform is integral with an Interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the prefomi at the end of the operation, then removed from the well or pipe at the same time as 
the tool and the sleeve; 

- the preform is themnosetting and is heated by the Joule effect, by means of a 
defomnable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 

- the preform is unfoldable and radially extendable; 

- the preform has a braiding of flexible strands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the material comprising the preform being a heat-curable resin in which said braiding is 
embedded; 

- the extractable interior sleeve tube, radially expandable, also (like the preform) has a 
braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

Other characteristics and advantages of the invention will appear from the description 
and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

- Figure 2 is an overall view, in partial cross section, of the equipment for installing the 
preform; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
preform in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4. representing the assembly in the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A. representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the preform and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as VI in Figure 5; 

- Figures 7. 8, 9, 10, 12, 13. 14 and 15 are diagrammatic views similar to Figure 2, 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1 ; 

- Figures 11 and 11A are transverse cross sections corresponding respectively to the 
cross section plane XI of Figure 7 and XIA of Figure 10. these views being intended to illustrate 
the way in which the prefonn is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1. the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it, the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1. includes in a known way, 
a wellhead 12, a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 11 for this shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 11 and 
into the well P. 

The firee end of the control shaft 13 is provided with preform installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13, a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4. and a flexible prefonn 8 
intended to be installed in the well in order to strengthen it 

The preform 8 is carried by an extractable interior expander sleeve tube 9. wrtilch the 
prefomn encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The prefomi 8/interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3, which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30, a pressurized fluid supplied to the device 
from the surface, that is, from the wellhead 12 by means of the tubular control shaft 13. or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes Into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter is wound or folded so that it 
takes up tittle space, and it is housed in a cavity formed in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3. to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the preform, as will be explained further on, as well as to furnish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical current is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after it exits the device 10. 

As can be seen in Figure 2. the assembly 7 composed of the sleeve tube 9 and the 
preform 8, is not completely inserted Inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length Lq that is appreciably smaller than the length of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened in the drawing (Figure 2). in order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length Lt on the order of 
10 to 30 meters, and the length Lj. which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1. the sleeve 6 Is a cylindrical tubular jacket that is split, that is, 
not completely closed. This jacket, which for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 1 1 and 11 A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure Is exceeded. 
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Preferably, the Jacket is relatively flexible, thus allowing It to follow non-rectilinear paths 
(elbows and curves) by lateral defonmation, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 6. the preform 8 and the interior sleeve tube 9 
both have a similar stnjcture, composed of braided flexible interlaced strands as described in the 
above-mentioned document WO-94/25655. 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5. 1st paragraph, of the Intellectual 
Property Code. 

It will be seen, in refening to Figure 3, that the flexible strands are distributed in two 
interiaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- "made round," that is, formed into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the prefomi and/or 
for the preform's expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced 7* - 
made round with diameter D,. and finally this same assembly - referenced 7" ~ in the radially 
expanded condition with diameter Da appreciably greater than Di. 

The diameter and the radial expandability of the prefomn are chosen so that Dj 
con-esponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular prefomn 8 has a wall 82. made of a material 
that is initially fluid, in which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The preform is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote Its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9. which is called "matrix" in the above-mentioned 
WO.94/25655, has an interior skin 91 and an exterior skin 90, both of which are made of a 
flexible and elastic material, between which the braided deformable structure 700 is tocated. The 
interface between the extemal skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated, for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely sun-ounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the preform 8 by 
means of end collars 93. which have weakened areas 94 that can break easily. The introduction 
of a hydraulic fluid into the sleeve tube in order to. inflate it - and con-elatively to inflate the 
preform - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device perfomnir^ the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
correlatively of the preform, can also be controlled flrom the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the prefomn 8 in a section C of the well. 

The assembly 7 formed by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented in Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter Do that appreciably corresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter Do is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70. of the assembly 7 protmdes from the sleeve 6. As a result, the prefomi is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2, and the preform, are therefore going to be pushed by the control 
shaft 13 in the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13. preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O. that 
are to be covered by the casing, that is. the cured preform. 

The pushing of the head 2 into the well is stopped when the protnjding part 70 reaches 
just beyond the openings O. which position con-esponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art. are provided in order to accomplish this 
proper positioning. 
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By internal hydraulic inflation, the protruding part 70, and only this part is first rounded 
out. then radially expanded to the diameter Dj. which corresponds to the Inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
accomplished first on the portion 70. 

Thus, for example, it is possible to enclose the pan 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate internal pressure, but still sufficient to cause the deformation of the free portion 70. 

Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the prefomi portion 71 is achieved, which 
has a diameter Di (see Figure 10). 

Following this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
configuration, referenced as 6' in Figure 11 A. 

It remains integral, by Its rear extremity, writh the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
prefomn by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12. is 
accompanied by placing the part 50 of the cable under tension. 

The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 
sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the prefomi Is anchored in the well. 

Once the defonned sleeve 6' has been- completely removed from the preform, the 
inflation pressure is increased to cause the complete radial expansion of the assembly 7. which 
assumes the diameter (Figure 13), while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C, covering 
the perforations O. 

In a known way. while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of, by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 is deflated and separated from the 
hardened prefomi - which has become casing 8' - by breaking the collars 93 (Figure 14). 

New tension G' is then placed on the shaft 13. which is always integral with the shell 4 
and the open sleeve 6* so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the prefomi. and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and correlatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example, 'the diameter of 
the preform when folded may be on the order of 60 to 100 mm. its "rounded" diameter D, will be 
on the order of 90 to 150 mm. and its expanded diameter D2 will be on the order of 170 to 220 
mm. 

The technique covered by the present inventfon is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241 . 

The curing of the prefomi is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
Ikjuid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring. 
couW have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced Into the well or pipe in the 
longitudinally folded condition, then - when it has been properly positioned - it is inflated 
hydraulically to give it an appreciably cylindrical fonn, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) Into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially deformabte. and the prefonn (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the prefomi (8). and 
removed from the well or pipe. 

2. Method according to claim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2. characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 
or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3, characterized by the fact that a prefomi (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic Inflation. 

5. Method according to claim 4. characterized by the fact that the separation of the 
preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 
contained in the sleeve (6). after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are perfomied successively. 

6. Device for casing a well, particularly an oil well bore or a pipe using a flexible tubular 
prefomi the wall of which is themnosetting insitu. this prefomi being radially deformable under the 
effect of internal hydraulic pressure between a longitudinally folded condHion and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) carrying the preform (8). suitable for providing the 
preform with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13), inside which the preform 
(8) is at least partially confined, and which Is rigid or semi-rigid in the longitudinal direction, but is 
radially defomiable so that it can be withdrawn from the preform (8) when the latter is in its 
unfolded condition. 

7. Device according to daim 6. characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the preform (8) during its unfolding. 

8. Device according to either of claims 6 or 7. characterized by the fact that the prefonn 
(8) is integral with an interior extractable radially expandable sleeve tube (9). inside which is 
introduced the hydraulic liquid furnished by the casing tool (3) and serving to unfold the prefonn 
(8), this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8. characterized by the fact that the prefonn (8) 
is thermosetting and is heated by the Joule effect, by means of a deformable electrical cable (50) 
that is stored in a small space in a shell (4) that is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9. characterized by the fact that the cable (50) has a length 
that is appreciably equal to that of the installed preform (8'). 

11. Device according to claim 10. characterized by the fact that the preform (8) is 
unfoldable and radially extendable. 

12. Device according to daim 11, characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interlaced with a certain sparing, in sudi way that the 
prefomi (8) can be radially expanded while being restrided in the axial diredion. the material 
comprising the prefomi being a heat-curable resin (82) in which said braiding (700) is embedded. 

13. Device according to claims 8 to 12 taken in combination, charaderized by the fad 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are endosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by eledrical 
conduding wires that can heat the prefomi by the Joule effed, which are electrically connected to 
said cable (50). 
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